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1. INTRODUCTION 


Various circumstances have influenced our EREP-project which have to be kept 
in mind when reading this final report. 

.) Only one interpretable coverage of our test area was taken from Slcylab 
which unabled us to study dynamic features in its changes as originally 
proposed (chap. 3 • ) • 

..) The coverage of S-190-,A and B data was not synchronous and does not fully 
overlap (Pig* l) . Therefore comparative studies of the different imaging 
systems could not be undertaken to the expected extent (chap. 3). 

_) T he ground resolution of S-191 and S-193 data is much too poor to provide 

any meaningful data in the very rugged terrain of the Alps. Therefore we 
decided to neglect this data and to concentrate on the interpretation of 
the S-190 and S-192 data. 

....) The research was carried out in close coordination with our LANDS AT- 1 and 
2 project on similar topics in the same test area. Unfortunately there is 
no comparative LANDSAT data available for the single Skylab pass. On the 
other hand the methodology of processing digital LANDSAT-MSS-data could 
be applied on the S-192 data, too (chap. 6.2). 

) The investigations will: not be terminated with 'this final report. In 

particular the research on S-192 will be continued (chap. 6.2.2). 

Various institutions and researchers contributed to the Swiss EREP-project. Their 
efforts and helpfulness is deeply appreciated. 
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2. NARRATIVE EiSTORY OF INVESTIGATION 


Data of various kind from the different sensor systems were received during all 
1974 and part in summer 1975 which prevented a continuous progress in the 
research. The project was carried out in close coordination with our LANDS AT- 1 
and 2 investigations by more or less the same institutions and researchers. 


In particular a joint research group of the Department of Geography, University 
of Zurich (Prof .H.Haefner) and the Department of Photography, Swiss Federal 
Institute of Technology, Zurich (Prof .W.F.Berg) Is engaged in the research, 
including: 


Klaus Seidel, Ph.D, 

Rene Muri 

Urs Geiser, M.A. 

Rudolf Gfeller, Ph.D. 
Guido Dorigo, Ph.D. 
Arthur Funkhouser, M.S. 
Frits Fasler, M.S. 
Anton Paschlce 


project leader 

digital, processing 

analog processing 

field work (until February 1974) 

system specialist (part time) 

data output with Optronics Photomation (part time) 
system specialist (part time) 
system specialist (part time) 


In addition the Departmeng of Geography, University of Berne (Prof .B.Messerli, 
Dr.K.Winiger) contributed to the project and undertook field work in the Western 


part of Switzerland. 
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3. SUMMARY OF SKYLAB DATA OBTAINED 


During Skylab mission 3 the Alps were covered on pass 21 (track 2?) of September 
11th, 1973 between 15.26 and 15.27 MiDZ, The flight pass is reproduced in Fig. 1. 

As it can be clearly seen, weather conditions were rather bad and in particular 
the Eastern Alps were completely covered. This situation limited our study area 
to tne section between the Mt. Blanc and the St.Gotthard, massif (Fig, 3). 

All instruments on board were working but again there is no complete matching 
in the coverage. Especially the S-I 9 O-B was set in operation only for the second 
part where cloud coverage is most severe, which handicaped comparative studies 
with S-190-A as well as with S-192 enormously. 

A second coverage was taken eight days later on September 19th (Fig, 2) with a 
pass slightly to the north of the first one (about 15 km) but unfortunately with 
a cloud coverage of about 95 < f°‘ Only a very few areas — not corresponding with the 
open ones of the first pass - could be examined. Therefore no comparative studies 
of the changes taking place during the eight days were possible. These photos 
Were not interpreted further. 

The data received from the coverage of September 11th, 1973 is summarized in Fig. 2 
The quality of the photographic material is satisfactory with regard to the trans- 
parencies and rather poor as to the color paper prints (too dark). Stereoscopic 
view is also unsufficient with an overlap of not more than 20 °/o. The quality of 
the digital data from the multispectral scanner is very good. Data always 
arrived in good conditions. 


4. 


ground truth activities 


Tho day after the overpass extensive field work was carried out by two groups. 
The Department of Geography, University of Berne, surveyed the position of the 
temporary snow lino along a profile line from the Northern border to the Central 
part of the Alps (Thun - Haslital - Grimseipass - Goms) (Fig. 3). The Department 
of Geography, University of Zurich, undertook similar observations and measure- 
ments in several test areas of the Eastern Alps (Grisons). 

As it turned out most of the test sites were covered by clouds in the EREP-data 
and therefore no verification of the results was possible. 


Additional data from the existing meteorological observation network were collected 
All stations reported precipitation of 1-12 mm for September 9th and 10th. But 
since most stations are located in the valleys no information could be gamed 
on the amount of snow fall in high regions or the position of the temporary 

snow line. 

High altitude aerial photography could be taken a day after the overpass by tne 
Swiss Air Reconnaissance. The flight altitude was 12 '000 m, the covered area 
a N-S and a U-E run over the Eastern part of the Swiss Alps (Grisons). 

The quality of the photography is Excellent. Eut as it turned out the area 
taken was hidden under a solid cloud cover during the overpass of Slcylab. 

Therefore these airphotos were of no use for the project. 


FINICAL APPROACH AND TASK DESCRIPTION 


The original purpose of the project was to cap the changes of the snow cover 
ad of the upper boundary of vegetation growth in the Swiss Alps and to develop 
a model to determine tho relation bo two on snow cover and vegetation growth and 
between snow cover and surface runox’f. 


Since just one interpretable EREP-coverage was taken and no supplementary 
LANDSAT-data available it was only possible to 

- map the temporary snow line and the upper limit of vegetation growth for a 
specific date. 


But no studies on changes and consequently on developing models related to these 
problems could be carried out. Regionally the project was cut down to the Southern 
part of the Swiss Alps (Canton Valais) as well. The area which is covered by 
S-190-A and B and S-192 (Pig. l) is mostly overcasted with clouds or does not 
include a larger snow cover. This limited comparative studies, too. 


On the other hand the original task was broadened in such a way, that a thorough 

examination of the data of the single overpass was. carried out with emphasis on 

- comparison of the accuracy and applicability of the results received from the 
different photographic materials by applying the same techniqufss, 

- comparison of the results received by applying different techniques (analog 
and digital processing), 

- study of the temporary snow line in specific locations, such as on glaciers, 

- development of digital processing methods for an automated classification of 
snow and a separation of snow from clouds. 

Two technical approaches were undertaken, an analog one for the S-190-A and B 

and a digital one for the S-192. * 


The accomplishments and problems are discussed in chapter 6.1 and presented in 
Pig. 4-9 for analog processing and in chapter 6.2 and Pig. 10-18 for digital 
processing respectively. 


REPRODUCIBILITY of the 
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6. ACCCKPLiGKKdKfS AND PE0BL3M3 

6.1 Analog processing of S- 190-data 

6.1.1 Object .'.vos 

Methodological as well as regional aspects of mapping altitudinal boundaries in 

high mountain terrain were studied, regarding 

- mapping and characterization of the* temporary snow line and the upper limit 
of vegetation growth over large areas, 

- regional differentiation and comparison of the courses of these boundaries, 

- comparative studies on the position of the snow line in specific location, 
in particular on the glaciers, 

- comparison of the different photographic materials regarding accuracy and 
suitability for different purposes, 

- evaluation of the best suited mapping scale. 


6.1.2 Technique and procedure 

The interpretation of the satellite photography was done by conventional photo- 
interpretation using such instruments as mirror stereoscope (WILD ST-4, Bausch 
& Lomb 3XS-95) and view desk with stereomicroscope (Zeiss L-2, zoom optics 
with 16-times enlargement). 

In general color film was used for the determination of the snow line and IR 
color film for the boundary of vegetation growth* For a deliniation of the 
snow line on glaciers the IR color film provided the best separatxon. Trans- 
parencies were used exclusively. ‘ 

In a first step the course of the altitudinal boundary was interpreted and 
marked on the film. 

In a second step the boundaries were transferred onto a topographic map. Several 
map scales from 1 : 50 '000 to 1 : 500 '000 vc-re tested. 


.or mapping larger areas with 3—190—... a sc.l^ c. 1:200'000 (lOO contour intervn 
ii regarded as optimal; for S- 190-3 dealing . _m more detailed aspects a scale of 

0 m c ■ 

be possible, too, to use a c^p oi i:100'000 for 3-190— A ^uvun so the study area 
would be distributed on quite a cany checks) and to select for local studies 
with S-190-B a topo-map 1:50*000 (20 m contour interval). 


) 


The boundaries were transferred onto the cap by projecting the photos onto the 
•••— P "ita an enlarger (Super Chromega/ . The ad just cent w .. d >no by if 

recognizable reference points sue., as mountain pea’.cs, cages of uses of reservoirs, 
sharp river sends or mouths etc./. It was always possible to locate sufficient 

refer o significant distrotions occurred ev 

small distortions toward the cage oi the ^..ovo could be eliminated by tilting 
the projection plane. 


from the map it 
boundary 


was easy to calculate the average position of 


the altitudinal 


- f r a ... 9cific location (e.g. on . laci r , 

- for Her region (e.g. an alpine valley), 

- for a specific exposure, 

- for larger ar^as (e.g. the Bernese Alps), 


and to compile .... result! .... b .is. (fig. 6, 8, 9). 


D.l.^ ?■' wr. O ' •" " ~ ■ ■ ■ " 

'i'o ir. t vr.trct the boun •’ry between snow covered and snow i ree terrain on alpine 
pastures, rocks, forests, ice, talus slopes e.c., in different exposures, slope 

proc ; roll 

were used mainly: 

_ c i ea r contrast between bright color of snow and darker one of snow free area 
( tonal aspect) , 

- vast, continuous extent of snow cover with dentritic border in contrast to the 
smaller, inhomogeneous surrounding features (formal aspect/. 

These criteria are often interrupted locally by 

- clouds (to be separated from snow by its forms and edge characteristics), 

- brightness differences between areas in sun and in shadow, 

_ uneven and broken snow line under melting conditions forming much more a 
transition zone instead of a snow line. 

The big advantage of a satellite photography lays in it poorer ground resolution 
(compared to large scale aerial photographs), which to a certain extent generalizes 
this transition zone and represents it more or loss as a solid line. 

lying these criteria the total more or less cloud free area between the Mt - 

and the st.Gotthard was mapped (Fig. 3) of which Pig* 4 and 5 atand as example! . 

Having transferred the course of the snow lino onto the map it is easy to estimate 
the exact altitudinal position for a specific location as well as to calculate an 
average total for a defined area, e.g. the north oriented slope of a valley utc. 
From the topo-map 1:200 '000 it is possible to interpolate the altitude of the 

snow *cy of + JO a P r 

differences from region to region or by different exposures are quite substantial. 
Of particular interest is the snow line on glaciers. Since in respect to tne dm.s 
of the coverage the position of the snow line i3 almost at its year*y maximum, 
it is possible to draw some approximate conclusions toward the position of 
climatic snow line. 


ion’ll ^ w "' vs 
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happing with data of tho earth terrain camera allowa an even core detailed and 
precise location of the snow line. 

The study concentrated on a relative snail more or lens cloud, irco urea at the 

ho run (Fig, 3 ), which could ho compared wit * .. 

SI 9 O-A ( Fine t oraarhorn and vicinity). Since only color film was available, 
only the snow line was capped and compared with ..he S-190-A. 

The sa roe technique ar.d interpretation criteria vure applied. The ir.torpre -ation 
w T as carried out by the sace person, out with a tuce lapse o. two mon*>..o, to 
reach comparable results but unafioctea by tho first study. 

... .'..v....; the results onto the map l.lOO'OOO an accuracy 20 m could t 
reached, which could be ieproved even further. 

Fig, 7 shove the test area in comparison to the results from S-190-A. The 
detailness and the accuracy which cay be joined from S-190-3 are quite evident. 
In p*ig. 8 the position of the snow line on glaciers is compiled permitting a 
differentiation according to the exposure for each individual glacier. 
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to :th vi tn 


ftlr6 „ Cl - - S^opi — n ho alpine p^*^ • s* o.j a 

relative broad band of dead vegetation appeared. On the other hand the vegetation 

still surmounted the tr .... r 

rather favor... ... ffo map the boundary of vegetation growth within 
forest would i.uvc bean much more difficult. 


It has to be realized that frwa the existing overman a 

f \ . . Late su 

of August ) would be necessary. 


w x3 r >0 » p X 0 10 wO 

mmer coverage (second half 


The most important element to interpret the vegetation is color. The upper 
limit of vegetation growth was napped were the red color clearly ceasea. It had 
to be surpasses by dead vegetation recognizable at its yellowish colors. Bare 
_s in general are 1 of biueish-grey color, .-.s long as there is a continuous 
sand of deaa vegetation it can be interpreted, bu. toward tne highest par.o 
'..'here the vegetation cover disintegrates m small patenes a separation gets 
impossible. In addition this transition cone was partly covered by snow already. 

The same problems as mentioned for snow mapping (6.1.3) influenced the interpretation 
of vegetation growth, too, and the accuracy achieved is about the same. Inc results 

arc presented togeth les for S— 190— A (Fig, 4,5). 

From the tabulation (Fig. 9) the variation in the altitudinal position of the 
upper limit of vegetation growth may oe concluded, varying considerably co-ween 
2 '000 and 3' 100m. Accordingly the difference to the snow line changes from 450 
to 900 m. 


ni-PRODUCIBU.n'Y OF THQ 

S?a\. page a poor 
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Analog processing 01 nigh resolution snail Cw~le satellite photography allows 
a ve.y precise and last napping of altitudinal boundaries over relative large 

• ■ •*“ * ' 5 * ^he first time supplies h . £ .■ con** 

. ..rativc regional studio., under truely identical conditions, with a goes* 

... a. The variation in the altitudin of t 5 th, 

. . it of vege . g .... . ... ... o. 

s. .11 lar da. a on these conditions were ava_lable until now. Provided that 
tna necessary number o; overpasses is available, a nest eccurate and ccor.cnic^l 
<-y dynamic . oa »urco and seasonal cha..geo in its regional aodii’ications 
could be ae —evod. 



ro~ uh jo a investigations it is intended to ^-r^ve algori tarns as ci-.^e as possible, 
.... ... f .. .. band ee a required accuracy. 


i '.".-i. r rocesur ■ 





DC IAS., 


c . 


Classification of categorise and main categories .. on 
the euclidean distance-3 


d. 

o. 


for mtput on — with ... ;omation system 

Geometric corrections for cap-like out. ••at with photowrite 

sy L ^Uiu 


0PTGR2 


for 


the calssification the following channels were used: 

_• ■ , ■ ■ ■ ■ f-~ • Log (Fig. 11,12, L / 



0,73 - 

0,68 ;u 



1,55 - 

1,75 Ji 

2 

13 

0,46 - 

0,51 

4 


The accuracy of 


the 


classification depends primarely on a careful selection of 


representati'V *< ups. 


for this purpose all existing information from ground truth, S- 190-data and 
aerial photographs was used. 


29 different cstojorc.es and aoout 
test area were selected. Then the 
matrix and checked regarding the! 


2-9 training samples for each category in the 
corresponding pixels were delineated in the 
r honogenity by various statistical procedures. 


for the 


erne 


being these samples should still be located in the field if possible, 


but it is hoped to compile a comprehensive collection of samples in the future 
to minimize or even abolish ground truth. Atmospheric corrections shall be imple- 
mented, too. It is intended to continue this rei r regarding: 


- improvement of classification by using more variables 
= additional spectral bands 
= synthetic ratio variables 


- com ;urisoa of different classifiers, in particuic 
-- A CLASS (based on angle of separation from each 
= if/p.M (stepwise linear discriminant analysis) 

- parallel epipied classifier 

- maximum likelihood 



normalised category 


OF v -^ 
,t 13 POO? 


vecto 
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7. SUMK RX OF liJSUL'PS AND FINDINGS 

Analog processing of 8-190-A and 3 color ar.c Ill-color transparencies showed that 
it is . ossicle -o evaluate the courses of the temporary snow line and the upper 
limit of vegetation growth over large areas. 3y transferring the results from 

S-l! 0-A sate : . p i 3 1 0-.3 .... accuracy of _ 50 m could he achieved. With 

... .. : 00 '000 an ae curacy of + 20 b was reached . 

A compilation of the altitudinal position of t.nese boundaries in different regions , 
euposures e.u. shows very significant variations for a specific date (September 
11th, 1975). The upper limit of vegetation grower, oscillates between 2'COO and 
3' 100 m, whilst the difference between upper boundary of vegetation growth and 
snow line varies from 450 to 9C0 a. No comparative synoptic regional data of 
such hind was available until now. 

Digital processing of 3-192 nultiepectral data allowed a separation of snow 
and clouds by combining the information from channels 9 (o,78 - 0,88 u) , 15 
(l,35 - 1,75 u) and 13 (0,46 - 0,51 u) . Tuc developed processing sooue..ce 
incluies preprocessing s -ops , feature extraction ar.u data output in form of 
a manlike image of a selected scale with a pho. creation system. The classification 
pr. rdure is supervised, based on euclidean di~.ur.ee... The accuracy depends 
primarely on a careful selection of represents ;ivc test categories. 29 categories 
wor .. considered which finally could be combined in five main categories: 
sr.c in sun, snow in shadow, clouds, snow free area in sun, snow free arcs in 
shadow. 






s. ..jco:-.y..-.:.DA'fio..j 



Hi-, resolution satellite photography may ..rovid- an excellent tool tor goo- 


ecological research and comparative regie, a* sluuiej 


l 1 or or .rational r..a oping of dynamic t mature 3 such us snow, proferei.co i*. u ev«n 
to digital data. Only digital data allows a fast . .... almost "real-time" classi- 
fication. 


The n.e thodolcgicul aspect in the development o~ suen a — ;t and inexpensive 
orocessing syatem courd se largely concluui-u. Cn «..e o-her ..c.na tne cc...-.iU* .y 

; .. - for .... rval of 4 - dayi » . 

coverage during the melting porioa ..as to se po- related - v.as and swa.ll ww, 

lacking, for The? as well as for LANDS AT. Since the - 

serious handicap for areas such as Sui t serlana , a selection o. spectral bands 

referable to the ones of I a automated separation of enow and 

clouds is possible with Lh.JDth.T— data. ...ereicro a spectral c— ne in o,p — 
L,S n region for further earth resources teuj — tes is recommenced. 
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Fig. 2 SUMMARY OF DATA RECEIVED FROM SEPTEMBER 11th AND SEPTEMBER 19th, 1973 
OVERPASS 




Black and white 


Color 

IR-Color 


0,5-0, 6 

0, 6-0,7 

0,7-0, 8 

0,8-0, 9 

0,4-0, 7 

0,5-0,88 p 

S-190-A 
( 11/9/73 ) 

Trans. Neg. 6x6 

X 

X 

X 

•X 

X 


Trans. Pos. 6x6 

X 

X 

X 

X 

X 

Pap.Pos. 23x23 





X 

' •••• \ • ' I . 

X 

S-190-B 

(11/9/73) 







Trans. Pos. 11x11 

• 




X 


Pap.Pos. 23x23 





X 


S-190-B 

( 19 /H/ 73 ) 







Trans. Pos. 11x11 






X 



Tape No 

Area 

No of channels 

No of spectral bands 

s-192 

SKYSV1 

west 

, 8 

4 

( 11 / 9 / 73 ) 

SKY002 

east 

8 

4 


936094 

center east 

14 

9 


936095 

east 

14 

9 


936157 

west 

14 

9 


936158 

center west 

14 

9 


S-191 

Tape No 

Start Time 

Stop Time 


916612 

254:13:16:05 

254:13:18:05 


916611 

254:13:16:05 

254:13:18:05 


906398 

254:13:16:05 

254:13:18:05 


906399 

254:13:16:05 

254:13:18:05 


908366 

217:14:57:13 

217:14:59:02 


908349 

217:14:57:13 

217:14:59:02 

S-193 

903647 

157:18:55:53 

157:18:57:03 


933966 

254:13:16:31 

254:13:17:53 


909470 

254:13:16:25 

254:13:17:50 

















Pig, 4 . . 0? COURSE OF TEMPORARY SI’OW LIKE AES OF UPPER LIMIT OF YEGETATIQM 

GROWTH (map scale 1:200 '000, contour intervals 100 m) - LCETSCHENTALr- 

JUNGFRAUJOCH 


Interpretation by Ur3 GEISER 
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Topo-map reproduced, with permission oi’ Swiss Federal 

Wabern, Berne 


Topographic Survey, 


Fig. 5 EXAMPLE OF SNOW AND VEGETATION MAPPING WITH S-190-A - ALPS OF SOUTHERN VALAIS 
(samo Legend as in Fig. 4) 

Interpretation by Urs GEISSR 

* Topo-map reproduced with permission of Swiss Federal Topographic Survey 







Pi,?. 6 AVERAGE ALTITUDE OF TEMPORARY SNOW LINE ON GLACIERS FOR VARIOUS 
REGIONS AND EXPOSURES 


6.1 Position of snow 

line on 

glaciers 



6.1.1 Southern Valais (South 

of Rhone river) 



'•r 


Exposure 


average altitude 
of snow line 

Glacier de Trient 


N 


2' 800 m 

Glacier de Saleina 


N 


2'900 m 

Glacier de Corbassi&re 


N 


2 '900 m 

Glacier d'Otemna 


S 


3 '050 m 

Glacier de Breney 


S 


3'000 m 

Glacier de Chermontane 


E 


2 '800 m 

Glacier de Cheilon 


N 

► 

.3 '000 m 

Glacier de Gietro 


W 


3 '000 m 

Glacier d'Arolla - 


N 


2 '950 m 

Haut Glacier de Tsa de 

Tsane 

S 

SB 

3 '050 m 

Zmuttgletscher 


E 

sfi ' 

2 '950 m 

Schonbielgletscher 


S 


3 '100 m 

Tiefmattengletscher 


N 

esa 

2 '900 m 

Glacier de Ferpkcle 


N 

aS 

o ^ 

2 '900 m 

Glacier du Mont Mind 


N 


2 '950 m 

Glacier de Moiry 


N " 

|| 

ll. 

2 '800 m 

Glacier de Zinal 


N 

2 '950 m 

Turtmanngle t ache r 


N 


3 '000 m 

Gornergletscher 


W 


3 '200 ra 

Grenzgletscher 


N 


3 '100 m 

Schwarzegletseher 


N 


3 '200 m 

Breithorngletscher 


N 


3 '100 m 

Theodulgletscher 


N 


3 '200 m 

Findelngletscher 


W 


3 '150 a 

Mellichgletscher 


W 


3 '200 m . 

Schwarzberggletscher 


N 


3 M00 m 

Allallingletscher 


E 


3 '250 in 

Feegletscher 


- N 


3 '200 m 


Pig. 6 (cont.) 


Glacier 


Exposure 


average altitude 
of snow line 


Kimgletscher 

Festigletscher 

Hohberggletscher 

Riedgletscher 

Triftgletscher 

Grubengletscher 

Alpyengletscher 


W 

W 

W 

N 

W 

W 

s 


2 '900 m 
2 '800 m 
2 '850 to 
3 '050 ra 
3' 100 m 
3' 000 ra 
2 '850 m 


Average -position of snow line in different exposures 
Exposure number of glaciers 


average altitude 
of snow line 


N 

E 

W 

S 


18 

5 

9 

5 


3 '000 m 
3 '000 in 
3 '020 m 
3 '010 ra 



Fig. 6 (cont.) 


6.1.2 Northern Valais (North of Rhone river). 
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average altitude 
of snow line 


Talgletscher 
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Strahlegg-Gletscher 
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E 
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S 

S 
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V 

E 

E 

S 
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2 '900 m 
2*800 m 
3' 000 ra 
2 '900 m 
3*000 m 
2 '950 m 
, 2 '900 m 
2 '900 m 
3 '000 m 
3»000 m 
3 '200 m 
2 '800 m 
2 '700 m 
2 '900 m 
2 '850 m 
2 '700 ffi 


Average position of snow— line in different exposures 
Exposure number of glaciers 
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of snovy line . 


2*750 m 
2*970 m 
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Fie. 7 


COURSE OF TEMPORARY SNOW LINE MAPPED WITH S-190-B ( 1:100 '000, 50 m 
contour intervals) IN COMPARISON WITH o— 190— A. 

Interpretation by Ur3 GEISER 

» Topo-map reproduced with permission of Swiss Federal Topographic 


Survey 



temporary snow line mapped with S-190-B 
temporary snow line on glaciers mapped with S-190-B 
temporary snow line mapped with S-190-A 


Le.?end 






clouds 


Fig. 8 AVERAGE ALTITUDE OF THE TEMPORARY SNOW LINE AS DETERMINATED FROM 
S-190-B (to compare with Fig. 6, 6.1.2) 


Glacier 

Exposure 

Average altitude 
of snow line 

Finsteraargletscher 

NE 

2 '780 


SE 

2' 900 

Fieschergletscher 

NE 

2 '900 


E 

2 '960 


SE 

2' 990 

Galmigletscher 

W 

3 '020 


SW 

2 '860 

Oheraargletscher 

NE 

2 '880 ■ 


E 

3+040 


' SE 

3 '000 

Tierberggletscher 

NE 

2 '800 


E 

2 '840 

Oberaarhorn 

NW 

2 '770 






Fig. 9 


AVERAGE ALTITUDE OF UPPER LIMIT OF VEGETATION GROWTH FOR DIFFERENT 
REGIONS AND EXPOSURES AND ITS DIFFERENCE TO THE TEMPORARY SNOW LINE 


Location 

Exposure 

Altitude of upper 
limit of vege- 
tation growth 

Altitudinal 
difference 
to snow line 

Bourg St. Pierre / 
Combin de Bovevre 

W 

2 '500 

800 

Arolla / Aiguille de 
la Tsa 

w 

5 '100 

500 

Ferpecle / Pointe de 
Bricole 

w 

2 '900 

600 

Saas Fee / Weissmies 

w 

2 '500 

600 

Balme / Tete de By 

s . 

2 '700 

_ 500 

Prarayer / Mont Brule 

s 

2 '400 

700 

Saas Fee / Weissmies 

s 

2 '500 

600 

Lotschental / Blatten 

s 

2 '400 

600 

Col de la Seigne 

s 

2 ' 550 

450 

Arolla Pigne d 'Arolla 

E 

2 '500 

500 

La Pouly 

F 

2 '600 

600 

Tasch / Mettelhorn 

E 

2 '500 

600 

Balme / Mont Velan 

E 

2 '600 

700 

Val d'Arpette 

N 

2 '000 

| 900 

Lotschental / Blatten 

N 

2 '400 

600 

Chamonix / Aiguille de 
Grepon 

NW 

2 '300 

700 

Boshorn / Fletschhorn 

N 

2 '500 

■ 300 

i 
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10 CATEGORIES AND MAIN CATEGORIES FOR DIGITAL SNOW CLASSIFICATION 


Category 


Main Category 


Symbol for 
computer prints 


Symbol for 
computer prints 


snow wet 
snow wet 2 
snow dry 
glacier 

snow and rocks 

snow dry in shadow 
snow dry i.sh. II 
snow and rocks i.sh. 
snow and rocks i.sh. II 

clouds (centers) 
clouds (edge) 

water 

forest 

grass 

roeks 

bare soil/grass 
settlements 
sediments (detritus) 
border of reservoir 

forest in shadow 
grass i.sh. 
rocks i.sh. . 
bare soil/ grass i.sh. 
rocks i.sh-. II 
ricks i.sh. ^XII 
sediments & rocks i.sh. 
bares soil/grass i.sh. 
grass i.sh. II 
rocks i.sh. IV 

others not classified 


snow 

in 

shadow 


10 

- 

clouds 

10-11 

11 

= 



12 

* 

snow- 

12-17 

13 

/ 

free 

23 

14 

? 

areas 

25 

15 

( 

in 


16 

) 

sun 


17 

I 



23 

L 



25 

X 



18 

¥ 

snow- 

18-22 

19 

B 

free 

24 

20 

G 

areas 


21 

M 

in 


22 

7 

shadow 


24 




26 

z 



27 

s 



28 

H 



29 

A 



30 

blank 




blank 



Pig. 11 CLASSIFICATION BY EUCLIDEAN DISTANCES 
Left: Categories / Symbols / Limits 

Right: Un-normalized Cateogry Specification 


EUCLIDEAN DISTANCE CLASSIFICATION MAPP1 

ssBKBxaaassiiKaa.tojiiiEiijaBBii'MaaKiiaaiuis.iBiansassKBiasBaaiaaassiisaaBsaiiaaaassaa 


CHANNELS USFD: 1 2 4 UN-NORMALIZED CATEGORY SPECIFICATIONS 


CATEGORY NAME NUMBER 

SYMBOL 

LIMIT 

CHANNELS 

l 

2 

4 

SCHNFE FEUCIIT 

L 

1 

75.0 

1 

I 

1 62. 96 

16.69 

255.00 

.SCH-IEE FEUCIIT 2 

2 

1 

75.0 

2 

1 

91.04 

9.28 

200. 83 

SCHNFE TRO 

. 3 

. 

75.0 

3 

. 

246.40 

20.4 2 

255.00 

OLE TSCHCR 

4 

» 

75.0 

4 

7 

97. 20 

10.73 

254.22 

SCH-NEE PELS SO 

5 

II 

75.0 

5 

It 

84.41 

16.13 

159.71 

SCHNFP TRO SA 

6 

A 

75.0 

6 

,P ( 

34.91 

10.74 

110.88 

SCMNtE THU SA 2 

7 

& 

75 .0 

7 

A 

34. 30 

10. OC 

43. 10 

SCHNFE ffls n 

0 

% 

75.0 

0 


39.40 

8 .72 

77.34 

SCHMLE PELS SA2 

9 

% 

75.0 

9 

X 

20. 42 

10.22 

139. 80 

ViOLnS NZEMTP.UM 

10 

- 

75.0 

10 

- 

253. 19 

174.89 

255.00 

AO.LK&NRAN0 

1L 

= 

75.0 

1 1 

-53 

150, 69 

91 .66 

237.02 

nASSFrt 

12 


14 .0 

• 12 

* 

23. 34 

10.19 

170.90 

WALD SONNE 

13 

/ 

75.0 

13 

/ 

37.47 

21 .52 

76.70 

GRAS SONNE 

14 

7 

75.0 

14 

? 

63.06 

60.2 8 

93.61 

FELSEN SONNE 

15 

( 

75.0 

; 15 

! 

73.09 

83.14 

132. 33 

BO DEN GRAS SON 

16 

) 

75.0 

16 

J 

66.44 

01.86 

120.29 

S.IEDLUNG 

17 

I 

6.0 

17 

I 

55. 40 

47. 9C 

115.40 

wALD SA 

18 

W 

75.0 

18 

W 

31.62 

16.19 

07.74 

GRAS SA 

15 

B 

75.0 

19 

B 

23.56 

20.00 

04.34 

PELS SA 

20 

G 

75 .0 

20 

G 

20.27 

15.05 

03.49 

WIDEN GRAS SA 

21 

M 

75.0 

21 

M 

21.83 

12.64 

71.05 

FfcLSEN SA2 

22 

7 

75,0 

22 

7 

30.41 

13.4 7 

93.00 

SCHOTT ER SO 

23 

L 

75.0 

23 

L 

48.71 

45.9 7 

113.82 

FELSEN SA 3 

24 

V 

75.0 

24 

V 

37.90 

35.66 

75.95 

STA USFERANO 

25 

X 

15.0 

25 

X 

26. 42 

17.52 

150.92 

SC HOTTER C FL S SA 

26 

z 

75.0 

26 

Z 

60. 19 

40.69 

171.92 

Bonr.'l GRAS SA2 

27 

s 

75.0 

27 

S 

78.75 

44.46 

202.57 

GRAS SA2 

20 

H 

12.0 

28 

H 

31.72 

15.44 

36.07 

FELSEN SA4 

29 

A 

13. 0 

29 

A 

43.81 

23.78 

140.28 
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Fig. 12 CLASSIFICATION BY EUCLIDEAN DISTANCES 

- Distances of Separation for Categories 
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DISTANCES OF SEPARATION FOR CATEGORIES 




t ‘ 

2 ' 

3 . 

4 ? 

5 " 

6 A 


1 

1 

0. 0 

85.8 

86.3 

66. 0 

123.5 

187. 0 

24 0. 0 

2 

1 

85.8 

0.0 

16 3.2 

65.8 

50.0 

106.0 

175.2 

3 

• 

86. 3 

183. 2 

0.0 

150.2 

100.3 

252.1 

300.4 

6 

| 

68.0 

65.8 

150.2 

0.0 

55.5 

149.0 

220.3 

5 

it 

12 1.5 

50.0 

108.3 

95.5 

0.0 

64 .4 

127. 1 

6 

i 

18 7.0 

106. 0 

252. 1 

16 9.0 

64,4 

0.0 

7 5. 8 

7 

A 

26 8.0 

175.2 

300.6 

220 . 3 

127.1 

75.8 

0.0 

8 


216. 5 

16 1. 2 

27 1. 6 

186. 1 

94. 1 

41.8 

34.7 

9 

•). 

17 7 . 2 

93.2 

26 7.2 

133.5 

56.7 

21.9 

66.9 

10 



1 

15 6.6 

226.5 

250.5 

305.2 

34o . 4 





116.1 

58.5 

126. 0 

184. 1 

240. 5 





239.1 

111.3 

o2.4 

5 3.4 

120.3 

1 3 



: 3, I 

27 6. 0 

10 7.6 

95.5 

43.6 

35.7 

16 

7 

1 */ *i .7 

12 9.1 

26 6.3 

1/1.5 

82.3 

62.3 

76.9 

l 5 

( 

165. 5 

107. 7 

218.6 

163.7 

73. 1 

83.3 

122.0 

18 

) 

1 7 « . 1 

117.1 

231. 1 

154.7 

78. 7 

77.8 

110. i 

1 17 

I 

179.0 

107.2 

237.6 

149.7 

61.8 

42,6 

84.3 

\ 18 

W 

212. 7 

135. 1 

27 2.5 

179.0 

89.3 

31.8 

45.1 

i 19 

8 

220.6 

162. 1 

280.8 

18 5.4 

97.0 

37.7 

4 4 .0 

• 20 

G 

223. 1 

16 6. 1 

2d6.1 

18 7.3 

99.6 

36.5 

63. 1 

■ 21 

,M 

231.9 

166.2 

290.7 

158.1 

108. 6 

49.6 

30. 7 

22 

7 

209.3 

130.8 

270.6 

17 4.5 

85.9 

26.4 

50.2 

; 23 

l 

186. 0 

1 10. 3 

26 3. 6 

152.7 

65.4 

30.2 

80.6 

;26 

V 

219.2 

16 5.5 

276.9 

189.5 

57.8 

49. 7 

4 1.8 

! 25 

X 

171.7 

8 7.2 

243.6 

12 5 .4 

58.7 

33.8 

108.4 

' 26 

z 

12,8. 3 

53.6 

197.0 

92.3 

31.9 

69. 4 

136. 7 

i 27 

s 

10'3 .0 

37.8 

176.4 

6 4.4 

51.7 

100.3 

169. 1 

28 

H 

2 5 5. 3 

182.8 

306.9 

22 7. 8 

134.4 

83.0 

9.3 

29 

A 

165.6 

86.5 

232.9 

126.5 

4 5.7 

26.6 

98.6 


B % 9 % 10 - It's 12 ♦ 13-/ ? 15 <- 

216.5 177.2 182.'i 70.1 163.1 210. L 196.7 165.5 

161.2 93.2 236.3 105.5 77.6 163.1 129.1 107.7 

273.6 267.2 L66.6 116.1 239.1 276.8 266.3 218.6 

186.1 133.5 226.5 98.5 111.3 to7.6 171.5 163.7 

96.1 59.7 250.5 126.8 62.6 95.5 82.3 73.1 

61.8 21.9 305.2 186.1 53.6 63.6 62.3 83.3 

36.7 96.9 366.6 260.5 128.3 35.7 76.9 122.0 

0.0 63.6 323.8 211.5 95.0 13.0 59.0 98.7 

63.6 0.0 301.5 176.2 31.6 66.7 76.6 86.3 

323.8 301.5 0.0 133.3 295.0 319.1 276.5 235.8 

211.5 176.2 133.3 0.0 165.0 203.6 1/1.0 130.1 

95.0 31.6 295.0 165.0 0.0 96.0 100.6 96.8 

13.0 66.7 319.1 208.6 96.0 0.0 69.6 99.7 

59.0 76.6 276.6 171.0 100.6 69.6 0.0 66.3 

90.7 86.3 235.8 130.1 96.8 90.7 66.3 0.0 

89.0 83.6 268.3 166.3 97.8 79.9 36.5 16.2 

56.9 52.6 273.6 160.6 76.6 50.2 26.2 63.2 

15.0 52.5 319.8 205.3 83.9 13.6 56.5 90.9 

21.2 06.7 326.9 210.9 87.3 15.9 56,6 93.3 

21.1 57.1 330.5 215.5 B7.7 19.6 63.1 99.5 

19.1 69.1 337.2 226.5 100.0 18.9 66.9 106.9 

18.7 67.0 319.3 203.3 78.6 19.5 57.1 9l.l 

52.9 68.6 279.9 166.3 72.0 65.8 28.6 68.6 

27.0 69.6 312.7 206.5 99.5 16.2 39.6 82.0 

75.2 13.5 295.0 168.6 21.6 75.1 30.3 Ul.l 

103.9 59.5 263.2 116.8 56.2 101.9 80.7 58.3 

136.0 87.6 226.0 92.7 72.6 136.6 111.2 80.3 

62.5 103.9 369.9 265.7 135.3 61.5 79.6 125.0 

66.9 20.5 282.6 159.3 39.3 63.9 62.3 67.0 
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Pig. 13 COMPUTER PRINT (EXAMPLE) OP GLASSIFICATION IN 29 CATEGORIES 
Interpretation by Rene MURI 
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Fig. 14 SUMMARY OF TOTAL N UtlBER OF PIXELS CLASSIFIED IE 29 CATEGORIES (per count 
and in percentage) 
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BLOCK SPECIFICATIONS 


Fig. 15 COMPUTER PRINT OF CLASSIFICATION IN FIVE MAIN CATEGORIES (same Section 
as in Fig. 13 ) 

Interpretation by Rene MURI 
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DIGITAL MAPPING OP SNOW AND CLOUDS IN PI VP MAIN CATEGORIES (same area a; 
Pig 16) 

white: snow in sun (and icc); light gray: snow in shadow (and ice;; 
medium gray: clouds; dark gray: snow free area in sun; 
black: snow froc aroa in shadow 
Interpretation by Rene MURI and Klaus SEIDEL 









Fig. 18 TOPO-.MAP OF TEST AREA ZERKATT-DUFOUHJPITZE (to compare with Fig. 16/17 - 
same scale 1:100'000) 

* Topo-nap reproduced with permission of Swiss Foaeral Topographic Survey 
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